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Abstract 
 Nanostructural metal oxides and hydroxides have been used in widespread 
applications such as nanophotonics, nanoelectronics, catalysis, energy conversion and 
storage, and so on. It is well known that the properties of nanomaterials largely depend 
on their morphology, size and surface structure. To enhance and exploit their 
applications, it is essential to prepare nanomaterials in a controllable manner. Thanks 
to the efforts of many research groups, various nanomaterials with different 
morphologies have been successfully prepared. However, it remains a big challenge to 
synthesize some complex nanostructures, such as nonspherical hollow structures and 
structures enclosed by high-index facets. Moreover, there is still a lack of the 
fundamental understanding of the nanocrystal growth mechanisms. In this thesis, we 
will focus on the rational synthesis of complex nanostructures (e.g. nonspherical hollow 
structure, porous structure, high-index facets structure) as well as their growth 
mechanisms and applications. The main research work presented in each chapters is 
summarized as followings: 
1. We demonstrated two different strategies (i.e. templating method and chemical 
etching) to prepare α-Fe2O3 nonspherical hollow nanostructures. We further showed 
that the hollowness and porosity can be easily tuned by chemical etching. By comparing 
the performance of samples with similar morphologies and particle sizes but different 
hollowness and porosities, we can get an intuitive understanding of the beneficial 
effects of hollow and porous structures on photocatalytic activity. 
2. α-Fe2O3 concave nanocubes enclosed by high-index {13-44} and {12-38} 
facets were synthesized via a facile hydrothermal route based on kinetically controlled 
overgrowth. The as-synthesized sample exhibited superior catalytic activity and high 
stability for low temperature CO oxidation. We further synthesized X-shaped α-Fe2O3 
nanostructures with high-index facets as well as hollow interiors. The as-prepared 
sample was found to be a good photocatalyst for the degradation of Rhodamine B. 
3. We demonstrated the solution synthesis of α-GaOOH nanorod arrays and 
confirmed their growth was driven by screw dislocations. The key to promote such 
screw dislocation-driven growth is to maintain a constant low supersaturation using a 
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continuous flow reactor. The α-GaOOH nanorod arrays could be easily converted into 
α-Ga2O3 porous nanorod arrays. By a facile solution chemical conversion, we further 
demonstrated the preparation of ZnGa2O4 nanotube arrays based on the Kirkendall 
effect. 
4. We designed a high temperature high pressure continuous flow reactor (HCFR), 
which was used to prepare NiCo layered double hydroxide nanoplates. Compared to 
the product synthesized by static reaction, the nanoplates produced using HCFR are 
more uniform and much denser, and thinner. These nanoplates showed a high 
electrocatalytic activity toward the oxygen evolution reaction, which can be further 
boosted by exfoliating them into thinner layers. 
5. We developed a simple selective etching method to synthesize porous β-
Ni(OH)2 nanosheets using NiGa layered double hydroxide as precursor. We further 
demonstrated a facile solution conversion reaction to prepare porous NiSe2 nanosheets 
using either NiGa layered double hydroxide nanoplates or porous β-Ni(OH)2 
nanosheets as precursor. These as-synthesized porous samples exhibited excellent 
electrocatalytic activity toward the water splitting. 
In the end of this thesis, we summarized our research work and proposed the future 
directions. 
Keywords: nonspherical hollow nanostructures, nanostructures bound by high-index 
facets, hollowness and porosity tuning, screw dislocation-driven growth, layered 
double hydroxides, photocatalysis, electrocatalytic water splitting 
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